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[57] ABSTRACT
A curtain wall building panel having a metal frame

secured to the reverse side of a concrete panel with

flexible anchors. A 3-D braid is formed in such a man-
ner that non-metallic fibers are braided in the three
directions at a pitch of 5 mm or more and have a self-
supporting characteristic. The braid i1s embedded in the
concrete panel and the front ends of the flexible anchors
are secured to cell spaces in the 3-D braid. The curtain
wall exhibits excellent bending strength, can be easily
manufactured and can be used for exterior finish of
multistory buildings. A method of making the building
panel 1s also disclosed.

10 Claims, 7 Drawing Sheets
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CURTAIN WALL

This application is a Rule 1.60 divisional application
of Ser. No. 07/339,788, filed Jan. 4, 1989.

TECHNICAL FIELD

J

This invention relates to a metal stud frame type

curtain wall or building panel in which a metal frame is

secured to the rear face of a thin concrete panel with

10

flexible anchors, and to a method for manufacturing the

same.

BACKGROUND OF THE ART

Steel stud frame type curtain walls have been conven-.

tionally known to compnse a thin, large exterior curtain
wall, this type of curtain wall being constltuted in such
a manner that a steel frame is secured to the rear face of
a GRC (Glass-Fiber Rcmforce Concrete) panel with

flexible anchors. The type of curtain wall has been

widely used, particularly in the USA ., and has_

achieved much success.

FIG. 1 shows a perspective view of the overall shape
of the same. In FIG. 1, reference numeral 1 represents a
GRC panel, reference numeral 2 represents a steel stud
frame, and reference numeral 3 represents flexible an-
chors. The characteristics of a steel stud frame type
curtain wall lies in its structure so constituted that the
rear face on the GRC panel 1 with a thickness of the
‘order of 12 mm is reinforced by the steel stud frame 2,
‘the GRC panel 1 being assumed to be similar to the
surface plate of a metal curtain wall. The GRC panel 1

having a standard size surface area of 2230 5200 mm
and the steel stud frame 2 are connected by the flexible
anchors 3 which are disposed at intervals of 50 to 60 cm

(FIG. 115 used to illustrate the overall structure; there-
fore, the dimensions, shapes and details shown in the
figure are different from those of a standard size GRC
‘panel). The design concept of the flexible anchors 3 lies
‘in the fact that any changes in the dimensions of the
GRC panel 1 should not be restricted by the steel stud
frame 2. If the GRC panel 1 is distorted by wind pres-
~sure or is thermally deformed, the flexible anchors 3
serve to absorb these changes. Therefore, it is important
for the overall structure that the proof stress and reli-
ability of the flexible anchors 3 are guaranteed.

OBJECT OF THE INVENTION

The steel stud frame type curtain walls of the type
described above involve the following disadvantages:

(1) As is well known, GRC suffers from a problem of

deterioration in strength.
(2) Since GRC panels contract greatly when they dry

out, tile finish is impratical. That is because the curtain

walls may warp or undergo deflections due to the dif-
ference in dry shrinkage between the rear face of tiles
and the surface of a GRC panel, which leads to genera-
tion of cracks and separation of the tiles. As a result,
painting is substantially the only finish of the surface
available, conmderably reducing the estimation of the
material for use in exterior finish.

(3) Since GRC cannot be kneaded nor mixed when
GRC panels are manufactured, it is necessary for the
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ronment. Furthermore, since this work is hand work, it
requires skilled labor and poses a problem of maintain-
ing precision.

(4) When the flexible anchors and the GRC panel are
connected, as shown in FIG. 2, an end portion 4 of each
flexible anchor 3 which has been preformed in L-shape
usually from a steel bar, is disposed along the reverse
face of the GRC panel and then a padding portion §
(bonding pad) of GRC is formed so as to cover the end
portion 4. This jointing operation is conducted in such a
state that the steel stud frame 2 and the flexible anchor
3 have been previously welded (reference numeral 6
represents the welded portion). Therefore the efficiency
of forming of the bonding pad § is very poor and it must
be conducted manually. With this it is very difficult to
obtain sufficient reliability in the strength of the joint.

(5) When this type of curtain wall is used in exterior
finish of multistory buildings, it will necessarily be sub-
jected to very strong wind pressures. In order to ensure
strength which withstands such wind pressures and to
absorb potential changes in dimension due to deflection,

the flexible anchors perform a very important role.
‘However, it is very difficult to obtain the necessary

reliability with the fonding pad 5 described in (4) Al-
though a method which can absorb the changes in di-
mension of the GRC panel has been disclosed, in which
the front end portion 4 of the flexible anchor 3 is, as
shown in FIG. 3, slidably inserted into a pipe 7 which is
joined to the reverse face of the GRC panel 1 with the
assistance of the fonding pad §, the same disadvantages
are experienced with respect to the jointing process and
the reliability in strength of the joint of the bonding pad
§ as with the method described above.

An object of the present invention is to overcome the
above-described disadvantages associated with the con-
ventional curtain walls of steel stud frame type.

SUMMARY OF THE INVENTION

The invention provides a curtain wall of metal stud
frame type in which a metal frame is secured to the
reverse side of a concrete panel with flexible anchors,
characterized in that a 3-D braid formed in such a man-

" ner that fibers are braided in the three directions at a

45
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pitch of 5 mm or more and having a self-supporting
characteristic is embedded 1in a skin of the concrete

panel and the front ends of the flexible anchors are

secured to cell spaces in the 3-D braid. The curtain wall
uttlizing the 3-D braid according to the present inven-
tion can substantially overcome all of the above-
described disadvantages associated with the GRC pan-
els, and a novel exterior curtain wall is thereby pro-
vided. In the present invention, tile finish can be freely
conducted to finish the surface of the curtain wall. As a

- result of this, the invention provides a metal stud frame

33

same to be formed in a mold to a predetermined thick-

ness by alternately spraymg glass fibers and concrete-
mix. However, this processing (direct spraying method
of four to five layers) described above inevitably suffers
from reduced productivity, and a poor working envi-

65

type curtain wall finished with tiles.

Further, the present invention provides a method for
manufacturing the above-described metal stud frame
type curtain wall which comprises, connecting a 3-D
braid to a metal frame with flexible anchors, the 3-D
braid being formed in such a manner that fibers are
braided 1n three directions at a pitch of 5 mm or more
and having a self-supporting characteristic; setting the
braided portion of the assembly so constructed in a
mold; and placing a concrete mix into the mold. Fur-
thermore, the invention provides a method for manu-
facturing a metal stud frame type curtain wall compris-
ing, connecting a 3-D braid to a metal frame with flexi-
ble anchors, the 3-D braid being formed in such a man-
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ner that fibers are braided in three directions at a pitch
of 5 mm or more and having a self-supporting charac-
teristic; settmg the braided portion of the assembly so

constructed in 2 mold in which tiles or stone materials
are laid; and placing a concrete mix into the mold.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a conventional steel
stud frame type curtain wall:

FIG. 2 is a schematic cross-sectional view ﬂlustratmg

a state wherein a flexible anchor of the conventional
stcel stud frame and a panel of the same are joined:

FIG. 3 is a schematic cross-sectional view illustrating
another state wherein a flexible anchor of the conven-
tional steel stud frame and a panel of the same are
joined;

10
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FIG. 4 is a schematic cross-sectional view lllustratmg |

a state wherein a flexible anchor of a metal stud frame
~ type curtain wall according to the present invention and
a concrete pancl of the same are Jomcd

FIG. 5 is a partial perspective view lllustratmg a
relationship between the 3-D braid and the ﬂexlblc
anchors which are joined togethcr

FIG. 6 is a partial perspective view ﬂlustratmg a state
of a unit lattice of the 3-D braid;

FIG. 7 is a view of three directions for ﬂlustratmg
directions of fibers of the 3-D braid shown in FIG. 6;

FIG. 8 is a schematic cross-sectional view illustrating
a step in a method for manufacturing the steel stud
frame type curtain wall according to the present inven-
tion;

FIG 9 is a schematic cross-sectional view lllustratmg
a subscquent step in the method;

FIG. 10 is a schematic cross-sectional view illustrat-
Ing an example of a shape of the curtain wall obtained
by the above-described manufacturing method:

FIG. 11 is a schematic cross-sectional view of a man-
ufacturmg step similar to that shown in FIG. 9in whwh
tile finish is conducted;

FIG. 12 is a schcmatlc cross-sectional view of an
example of a shape of a curtain wall obtained by means
- of the manufacturing step shown in FIG. 11;

FIG. 13is a curve showing load-deflection charactcr-
1stics of a concrete panel according to the present inven-
tion; and |

F1G. 14 is a curve showing load-deflection character-

istics of another concrete panel according to the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

A 3-D braid embeded in a skin of a concrete panel of
a metal stud frame type curtain wall or building panel
according to the present invention is constituted in such
a manner that 3-D lattices thereof are continuously
formed in the longitudinal, lateral and vertical direc-
tions similar to a junglegym in a playing field by stereo-
scopically braiding fibers at a predetermined pitch, and
the stereoscopic form of the 3-D braid can be self-sup-
porting. The fibers forming such a 3-D braid are exem-
plified by a carbon fiber, aramid fiber, glass fiber, Viny-
lon (Reg. JM) type fiber, formalized polyvinylalcohol
polyethylene type fiber, metal fiber such as a stainless
fiber or amorphous fiber. It is necessary that each cell
(unit lattice) of the 3-D braid is sufficiently filled with
concrete. Therefore, according to the present inven-
tion, a 3-D braid having each unit cell with a length of
3 mm or more in the longituidinal, lateral and vertical
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directions is used. Since the thickness of the skin of the
panel can be reduced sufficiently according to the pres-
ent invention, it is advantageous to use a plate-like 3-D
braid. In a case where such plate-like 3-D braid is used,
a single-stage type of 3-D in which only one cell is
present in the direction of the thickness of the plate can
be used.

Concrete panels are reinforced by embedding a 3-D
braid of the type described above. The concrete mix
may comprise mortar or concrete mix using usual
portland cement, and fiber reinforced mortar or con-
crete mix may be used in which short fibers are dis-
persed in the mix. The short fibers to be dispersed are
preferably carbon, aramid and metal fibers.

Although the metal frame may usually comprise steel
frames, metals or alloys other than steel can be used.

According to the present invention, a metal stud
frame type curtain wall can be easily manufactured by
previously connecting the above-described 3-D braid to
a metal frame with flexible anchors, settmg the 3-D
braid portion of the assembly so constructed in a mold,

"and placing a concrete mix in the mold. At this time, by

placing tiles or stone materials in the mold a curtain
wall in which the surface of the concrete panel thereof
is finished with the tiles or stones can be obtained. As
described above, accordmg to the present invention, the
problem experlenced in the conventional case where
spray forming is used can be overcome. Furthermore, a
manufacturing step such as jointing operation by means
of padding the flexible anchors becomes unnecessary

‘and the excellent reliability in the joining strength be-

tween the flexible anchors and the concrete panel can
be obtained. According to the present invention, not
only can sufficient strength be secured by the 3-D braid
but also any problems due to the use of glass fiber can be
overcome in comparison with the GRC panel. As a
result of this, surfaces thereof can be finished with tiles,
and the finishing work can be easily conducted.

Referring to the drawings the present invention will
now be specifically described.

FIG. 4 illustrates an essential portion of a metal stud
frame type curtain wall according to the invention, in
which reference numeral 10 represents a skin portion of
a concrete panel. Reference numerall 11 represents a
3-D braid embedded in the concrete panel, reference
numeral 12 represents a metal frame, and reference
numeral 13 represents a flexible anchor. The metal
frame 12 corresponds to the steel frame 2 shown in the
conventional example illustrated in FIG. 1, and the
flexible anchor 13 also corresponds to the flexible an-
chor 3 shown in FIG. 1. According to the present in-
ventlon, the front end portion of the flexible anchor 13
is embeded in the layer of the concrete panel 10, there-
fore the fonding pads need in the conventional example
are not present. The front end of the flexible anchor 13
i1s provided with a hook portion 14 which is secured to
cells of the 3-D braid 11.

FIG. § illustrates an engaging relationship between

" the 3-D braid 11 and the flexible anchors 13. In this

65

illustration, T-shaped hook portion 14 is secured to the
front end portion of the flexible anchor 13 and the T-
shaped hook portion 14 is inserted into cells of the 3-D
braid 11 for the purpose of securing it.

FIG. 6 illustrates a unit cell of the 3-D braid 11. It is
assumed that the three directions are, as shown in FIG.

7, represented by X axis, Y axis and Z axis, the fibers in

the X direction are called first abscissa fibers Xij, fibers
in the Y direction are called second abscissa fibers Yij,
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and the fibers in the Z direction are called vertical fibers
Zij. The first abscissa fibers Xij which are disposed in

parallel and at a substantially similar pltCh the second

 abscissa fibers Yij which are disposed in parallel and at
a substantially similar pitch, and the vertical fibers Zij

~ which are disposed in paralle] and at a substantially

similar pitch intersect with a certain regulanty The 3-D
braid can be constructed by forming meshes with the
crossmg points. That is, a multiplicity of the first ab-
scissa fibers Xij are disposed in parallel at a substantially
“constant pitch in such a manner that they are respec-
tively disposed pcrpendlcular to the Y axis, and a multi-
pliciy of the same are disposed in parallel at a substan-

tially constant pitch in such a manner that they are

respecively disposed perpendicular to the Z axis. Simi-
larly, a mult1p11c1ty of the second abscissa fibers Yij are
disposed in parallel at a substantially constant pitch in
such a manner that they are respectively disposed per-
pendicular to the Z axis, and a multiplicity of the same
are disposed in parallel at a substantially constant pitch
in such a manner that thcy are respectively disposed
perpendicular to the X axis. In a manner similar to the
above, a multiplicity of the vertical fibers Zij are dis-
posed in parallel at a substantially constant pitch is such
a manner that thcy are respectively disposed perpendic-
ular to the Y axis, and a multiplicity of the same are
disposed in parallel at a substantially constant pitch in
such a manner that they are respectively disposed pe_r-

10

6

direction of the concrete panel 10, the 3-D braid may be
disposed 50 as to substantially cover the surface area of
the panel. If the surface area of the panel cannot be
covered by one 3-D braid, a plurality of the 3-D braids

‘may be disposed so as to cover it. Although in FIGS. 4

and 5, the T-shaped hook portion 14 is provided at the
front end portion of the flexible anchor 13, an L-shapcd
hook portion may be used, and any shaped hook pori-
tion may be secured to the front end portion of the
flexible anchor 13 so long as the anchors can be secured

~ to the 3-D braid 11.

15
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pendicular to the X axis. Furthermore, the crossing -

points formed by intersection of the fibers in the three

directions are constituted at all of the above-described
pitches, these crossing points being formed by stitches.
Consequently, as illustrated in FIG. 6, a cubic or rectan-
gular solid unit lattice (cell) having crossing points at
eight corners thereof is formed by four first abscissa
fibers, four second abscissa fibers and four vertical fi-
bers. The unit lattices are distributed in three directions
with certain regularities. If the rigidity of fibers is insuf-
ficient to maintain the stereoscopic shape of the 3-D
braid, the fibers may be impregnated or applied with a
resin for the purpose of giving them such a self-support-
ing characteristic.

Since the 3-D braid according to the present inven-
tion uses strong fibers such as carbon, aramid, venylon
(Reg. TM) type, polyethylene type, stainless steel,
amorphous fibers or the like, and such a 3-D braid is
embedded in the concrete panel, sufficient tensile
strength can be obtained in the three directions, and the
bending strength can be significantly improved. _

Since it is necessary for the 3-D braid according to
the present invention that a mortar mix or a concrete
mix can be sufficiently packed in each unit lattice of the
3-D braid due to its fluidity, the pitch is need to be at
least 5 mm. However, if the pitch is too large, for exam-
ple, it is 70 mm or more, the self-supporting characteris-
tics are difficult to obtain. Therefore, the pitch is prefer-
ably less than 70 mm. If the pitches range between 5 to
70 mm, the pitches in the three directions need not be
the same, and they may be different from each other.
Furthermore, a 3-D braid 11 may be, as shown in FIG.

S, used which is formed by a single stage in the Z direc-

tion which is formed by two first abscissa fibers Xij in
the X direction and two second abscissa fibers Yij in the
Y direction. Furthermore, a 3-D braid formed by a
multiplicity of fibers (more than two) in the Z direction
may be used. The number of stages may be determined
depending upon the thickness of the concrete panel 10
and the pitch of the 3-D braid. As for the inner surface
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FIGS. 8 to 10 illustrate a representative method of
manufacturing the curtain wall according to the present
invention. The manufacturing steps will be described
with referénce to FIGS. 8 to 10.

First, the metal frame 12 with a predetermined shape
and structure is previously manufactured by welding,
for example. The frame 12 may be formed of a material
selected from various materials such as a metal plate,
channel, angle, pipe or bar steel having a cross sectional
shape of an I, U facing sidewards, square, T, crest-like,

-and U facing downwards. Next, the flexible anchors 13

are welded at one end thereof to the metal frame 12 at
a predetermined interval. Then the metal frame 12 is
laid horizontally, and the 3-D braid 11 is hung in such a

‘manner that it is disposed in parallel with the metal

frame 12 from the hook portions 14 at the other ends of
the flexible anchors 13. This state is shown in FIG. 8.
FIG. 9 shows a state in which that part of the 3-D
braid 11 of the assembly shown in FIG. 8 is laid on a
base plate 16 of a mold which comprises the base plate
16, an outer side frame 17 in the form of a rectangle
having an upper and lower opening set on the base plate
16, and further a rectangular inner frame 18 having
upper and lower openings suspended in the mold. After
the above scttmg has been complctcd a previously
mixed mortar mix or concrete mix is placed in the mold
up to levels shown by broken lines 19 and 20 shown in
FIG. 9. Thus, the manufacturing has been substantially
completed and a metal stud frame type curtain wall
shown in FIG. 10 can be obtained by curing and de-
molding. Although according to this embodiment, ad-

justment portions 21 which are disposed in the periph-

ery of the skin portion 10 of the concrete panel and
which are bent inward at a right angle are shown, there

‘adjustment portions 21 may, of course, be inclined like

a dish or formed to have curvatures. The 3-D braid may
be optionally disposed. in the adjustment portions 21.
However, during service of the product according to
the present invention, the adjustment portions 21 are
substantially free from outside pressure, and therefore
they only need to secure their shape and are not neces-
sarily provided with the 3-D braid. |

FIGS. 11 and 12 illustrate a state similar to the exam-
ple shown in FIGS. 9 and 10 in which the difference lies
in a fact that tile finishing is conducted. That is, shown
in FIG. 11, tiles 23 are laid on the surface of the base
plate 16, and the 3-D braid of the assembly shown as in
FIG. 8 1s placed on them. As a result of this, a product
in which tiles 23 are, as shown in FIG. 12, placed on the
outer surface of the concrete panel 10 can be easily
manufactured. As an alternative to the tiles 23, stone
materials such as marble or other artificial materials
may, of course, be used.

FIGS. 13 and 14 show test results on the concrete
panels with the 3-D braid according to the present in-
vention. FIG. 13 shows a case in which a material
whose matrix is mortar was used, the mortar using, as its
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aggregate, river sand. FIG. 14 shows a load-deflection
curve of a material aged 28 days whose aggregate com-
prises quartz sand and shirasu baloon, and in which a
CFRC is used as a matrix, the CFRC being formed in
such a manner that pltch based carbon fibers of 6 mm in
length are dispersed in the matrix. A smglc stage type of

35

3-D braid shown in FIG. § was used in both cases. The

thickness of the concrete panel was 7.5 cm, the thick-

ness of the 3-D braid was substantially 3 cm, and the

pitch between cells of the 3-D braid was substantially
12.5 mm. As illustrated in detail in the ﬁgurcs, the fiber

material forming this 3-D braid comprises 10,000 to

36,000 filaments each having a diameter of 7 to 14.2 pm.
- PAN-CF shown in a figures is a material which is con-
stituted in such a manner that the fibers of the 3-D braid
comprises pan type carbon fibers, and HM-50 is a mate-
rial which is constituted in such a manner that the fibers
of the 3-D braid comprises aramid fibers manufactured
by Teijin Ltd. Venylon (Reg. TM) and Naslon each
represents that the fibers of the 3-D braid compnses
these fibers.

As shown in the results in FIGS. 13 and 14, in com-
panson with concrete which is formed only by a matrix
in which 3-D braid is not provided, the panel in which
3-D braid is provided, particularly the panel whose 3-D

braid is formed of carbon fibers or aramid fibers exhib-.

ited significant bending strength, to a level not obtained

with the conventional concrete. Furthermore, as shown |

in FIG. 14, in a case wherein CFRC was used as the
matrix, the stress-deflection curve did not show any
amplitude generated through the curve, and a smooth
curve as that obtained with rigid materials could be
obtained. It represents a fact that large cracks did not
occur during the bending process. e

As described above, according to the prcscnt inven-
tion, a novel metal stud frame type curtain wall is pro-
vided as an alternative to the steel stud frame which
uses the conventional GRC panel. All of the problems
associated with the conventional panel are overcome. A
completely novel material can be provided since the
curtain wall according to the present invention particu-
larly exhibits excellent strength and bending character-
istics, and it can be used in exterior finish of multistory
buildings. Furthermore, in a case wherein an artistic
design quality is important, tile finish or stone finish can
be freely conducted. Furthermore, since the flexible
anchors are secured to the 3-D braid in the concreéte
layer, excellent reliability and durability in joining the
metal frame and the panel can be obtained. Since the
same exhibits excellent productivity, it can be manufac-
tured at a low cost.

What is claimed is:

1. A curtain wall building panel, comprising:

a plurality of first sets of first fibers, each of said first
fibers extending substantially parallel to a first di-
rection, each of said first sets containing a plurality
of said first fibers disposed in a respective plane and
spaced from each other by respective first dis-
tances, each of said respective planes of said first
sets being disposed substantially parallel to each
other and being spaced from each other by respec-
tive second distances;

a plurality of second sets of second fibers, each of said
second fibers extending substantially parallel to a
second direction perpendicular to said first direc-
tion, each of said second sets contammg a plurality
of said second fibers disposed in a respective plane
and spaced from each other by respective third
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8

distances, each of said respective planes of said
second sets being disposed substantially parallel to
each other and to said respective planes of said first
sets and being spaced from each other by said re-
spective second distances, said first fibers of each of
said first sets being connected to said second fibers
in an associated one of said second sets at intersec-
tion points;

a plurality of third fibers extending substantially par-
allel to a third direction substantially perpendicular
to both said first and said second directions, each of
said third fibers being connected to an associated
one of said intersection points in each of said first
and second sets, said first, said second and said
third fibers being formed from one or more of the
group consisting of carbon, aramid, glass, formal-
ized polyvinylalcohol or polycthelene, whereby
said first, second and third fibers comprise edges of
at least one cell and define a self-supporting three
dimensional braid;

a frame spaced from said braid and extending in a
plane substantially parallel to said respective planes
of said first and second sets;

at least one flexible anchor extending between said
frame and said braid, a first end of said anchor
being connected to said frame and a second end of
said anchor being connected to said braid; and

an essentially rigid building material encompassing,
and at least essentially filling said at least on cell of,
said braid and encompassing a portion of said at
least one anchor.

2. A building panel as in claim 1, wherein said build-

Ing material is a first building material and defines an

exterior face opposite said frame, and further compris-

mg a second building material connected to said exte-
rior face.

3. A building panel as in claim 1, wherein said second
end of said anchor includes at least one protrusion, and

‘1s connected to said braid by engagement between said

protrusion and said braid.

4. A building panel as in claim 1, wherein said build-
ing material is concrete.

5. A building panel as in claim 4, wherein at least one
of said first, said second and said third distances is

greater than 5 mm.

6. A building panel as in claim 5, wherein said build-
ing material is a first building material and defines an
exterior face opposite said frame, and further compris-
mg a second building material connected to said exte-
rior face.

7. A building panel as in claim 5, wherein said second
end of said anchor includes at least one protrusion, and
1s connected to said braid by engagement between said
protrusion and said braid.

8. A building panel as in claim 8, wherein each of said
first, said second and said third distances is greater than
3 mm.

9. A building panel as in claim 8, wherein said build-
ing material is a first building material and defines an
exterior face opposite said frame, and further compris-
mg a second building material connected to said exte-
rior face.

10. A building panel as in claim 8, wherein said sec-
ond end of said anchor includes at least one protrusion,
and is connected to said braid by engagement between

said protrusion and said braid.
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